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This  report  presents  the  successful  results  of  the  application 
of  extensive  theoretical  interior  ballistics  research  to  the 
design  of  a  hypervelocity  gun.  The  purpose  of  this  research 
was  to  obtain  high-speed  aerodynamic  data  by  launching  complex 
missile  models  in  the  Naval  Ordnance  Laboratory's  1,000-fc. 
Hyperballlslics  Range  No.  4.  This  work  was  sponsored  by  the 
Re-entry  Body  section  of  the  Special  Projects  Office,  Bureau 
of  Naval  Weapons,  under  the  Applied  Research  Program  in 
Aeroballistics. 
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INTRODUCTION 

A  two-stage,  light-gas  gun  was  desired  for  launching 
complex  models  in  the  Naval  Ordnance  Laboratory's  1,000-ft. 
Hyperballistics  Range  No.  4  at  velocities  in  excess  of  12,000 
fps.  The  gun  was  designed  to  minimize  modifications  to  the 
existing  gun  mount  and  to  the  1,000-ft.  range.  Space  limita¬ 
tions,  along  with  interior  and  exterior  ballistic  requirements, 
resulted  in  the  selection  of  a  2-inch  bore  diameter.  The 
installation  of  the  2-inch  gun  in  the  1,000-ft.  range  is 
shown  in  figure  1; 


THE  DESIGN  OF  THE  GUN 

The  2-inh  gun  and  mount  are  illustrated  in  figure  2, 
Calculated  strength  values  of  the  2-inch  gun  are  shown  in 
figure  3.  The  primary  chamber  is  closed  at  the  rear  by  a 
steel  cup  containing  expanding  lips  on  the  forward  end  of  the 
cup  as  shown  in  figure  4.  The  screw  box  liner,  breech  plug, 
and  breech  plug  operating  mechanism  are  standard  12-inch 
naval  gun  parts.  Primers  are  attached  to  a  steel  rod  which 
is  bolted  to  the  breech  cup.  The  bag  of  gunpowder  is  placed • 
around  the  primer  rod.  The  primer  ignition  wire,  piston-type 
strain-gage  connection,  and  gas-fill  lines  are  brought  out 
through  the  sealing  cup  and  then  through  the  center  of  the 
breech  plug. 

Illu3trateu  in  figure  5  are  t:»e  piston,  the  obturating 
ring  for  the  front  end  of  the  primary  chamber,  the  diaphragm, 
and  the  diar-ragm  transition  piece.  The  final  version  of  the 
piston  is  a  24-inch-long,  low-density  polyethylene  cylinder 
with  a  phenolic  sealing  plug  at  toe  rear. 

For  the  heavy  piston  firings,  a  4°  included  angle  piston 
buffer  was  inserted  into  the  nigi  -pressure  section  of  the 
pump  tube  as  shown  in  figure 


SHAKEDOWN  TESTS  OF  THE  GUN  AT 
THE  NAVAL  WEAFONS  LABORATORY,  DAHLGREN,  VIRGINIA 

Initial  firings  of  the  2-inch  gun  were  made  at  the  Naval 
Weapons  Laboratory,  Dahlgren,  Virginia  for  reasons  of  safety 
and  so  that  existing  programs  in  the  1,000-ft.  range  could 
continue.  Instrumentation  included  pressure  gages  In  botn 
chambers  and  a  high-speed  camera  to  measure  velocity,  A 
convenient  and  efficient  test  procedure  evolved  at  the  Naval 
Weapons  Laboratory.  Three  ordnancomen,  two  electronics 
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technicians,  and  two  photographers  required  about  two  hours 
of  preparation  to  fire  the  gun.  The  ordnancemen  first  loaded 
the  missile  and  locked  the  barrel  up  with  the  pump  tube. 

Next,  the  piston  and  primary  chamber  diaphragm  were  installed, 
and  the  pump  tube  with  attached  barrel  was  locked  up  with 
the  rear  chamber.  While  this  was  being  done,  the  photographers 
loaded  and  checked  out  the  high-speed  camera.  Also,  the 
electronics  technicians  checked  the  firing  circuit  and  pressure 
gage  circuits.  The  area  was  then  cleared  of  personnel  and  the 
assembled  breech  cup,  primer  red,  and  powder  bag  were  brought 
out  of  the  magazine  and  Inserted  into  the  rear  chamber.  The 
breech  was  then  locked  and  the  gas-fill  lines  were  connected. 
About  15  minutes  were  required  to  load  gas  into  both  chambers. 

A  sequence  timer  fired  the  gun  after  first  starting  the 
camera . 

After  the  shot,  powder  c^.s  trapped  in  both  chambers  by  the 
piston,  which  was  swedged  into  the  piston  buffer,  was  vented. 
The  gun  loading  procedure  was  essentially  reversed  after  the 
shot.  At  the  Naval  Weapons  Laboratory,  the  piston  was  removed 
with  JaAks  which  required  from  one  to  three  hours.  The  con¬ 
densed  powuor  combustion  products  were  removed  as  soon  as 
possible  to  prevent  rusting.  Within  three  hours  after  the 
shot,  the  film  was  ready  for  viewing.  A  black  background, 
with  white  vertical  lines  spaced  at  one-foot  intervals,  was 
placed  parallel  to  the  flight  path.  The  projectile  velocity 
could  be  computed  since  the  film  framing  speed  was  known. 

Computations  were  made  by  the  analysis  group  utilizing 
the  IBM  7090  computer  to  predict  the  performance  of  the  2-in. 
two-stage  gun.  This  was  done  using  a  hydrodynamics  computer 
code  based  on  the  Lagrangian  scheme.  The  code  solves  numeri¬ 
cally  the  problem  of  one-dimensional  flow  through  ducts  of 
varying  cross  section  including  the  automatic  treatment  of 
multiple  shocks.  A  more  detailed  report,  on  the  method  of 
calculation  will  be  published  separately*. 

Many  calculations  were  made  varying  each  of  the  effective 
parameters  of  the  system,  these  being  the  back  chamber  condi¬ 
tions,  the  piston  weight,  the  pump  tube  conditions,  the 
projectile  weight  and  the  projectile  release  pressure.  In 
choosing  the  initial  loading  conditions  for  the  shots  on  the 
basis  of  the  calculations,  two  things  were  kept  in  mind: 
the  tapered  section  of  the  gun  could  only  withstand  125,000 
psl  and  the  pressure  on  the  base  of  the  model  must  not  exceed 
about  35»000  psl. 

*  NOLTR  £2 -§7,  MComputer  Analysis  of'  Two-Stage  Hypervelocity 
Launchers"  (in  preparation) 
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Tables  1,  2,  and  3  list  the  results  of  the  computer 
calculations  for  a  2*40  gram,  120  gram,  and  60  gram  projectile, 
respectively.  It  Is  seen  from  these  tables  that  a  neavy 
piston  produces  lower  model  acceleration  than  the  light 
piston.  Figure  7  is  a  typical  distance  time  plot  ?s  obtained 
from  the  computer  showing  the  tra lectories’  of  shocks  between 
the  piston  and  projectile,  the  piston  trajectory,  and  tne 
projectile  trajectory.  Figure  b  is  a  plot  of  pressure  behind 
the  model  as  a  function  of  distance  along  the  barrel.  Figure 

9  is  a  velocity  distance  plot  of  the  projectile  and  shows 
clearly  the  impingements  of  the  shocks  on  the  back  of  the 
model . 

Ten  shots  were  made  using  the  light-piston  shock-compressed 
driver-gas  method.  The  piston  was  a  0.6-caliber-long  poly¬ 
ethylene  cyxinder.  The  primary  chamber  pressure  was  varied 
from  17,000  psi  to  25,000  psi,  obtained  by  burning  gunpowder 
in  the  presence  of  helium.  The  pump  tube  was  loaded  wiJi 
helium  at  pressures  from  1,500  psi  down  to  750  psi.  Gun 
functioning  and  proofing  were  the  main  objectives  of  the  first 

10  shots  since  only  a  *48 -caliber- long  barrel  was  available. 

Before  the  11th  shot,  a  2*40-caliber-long  barrel  was 
instaxled.  On  the  first  shot  with  a  heavy  piston,  several 
inches  of  the  piston  buffer  were  torn  off  so  it  was  shortened 
by  machining  a  short  20°  angle  on  the  leading  edge  of  the 
piston  buffer  as  shown  in  figure  5. 

Fifteen  heavy  piston  shots  were  made.  The  piston  weight 
was  varied  from  3,000  grams  to  9,000  grams.  Primary  chamber 
pressures  ranged  from  lit, 000  psi  to  25,000  psi.  Pump  tube 
loading  pressures  varied  from  300  psi  to  1,500  psi  of  hydrogen. 
Results  of  the  firings  at  the  Naval  Weapons  Laboratory  are 
listed  in  table  it.  The  over-all  performance  of  the  2-lncn 
gun  during  the  heavy  piston  shots  was  satisfactory  so  test 
firings  at  the  Naval  Weapons  Laboratory  were  concluded  after 
a  total  of  25  shots. 


RESULTS  OF  FIRINGS  AT  THE  NAVAL  ORDNANCE  LABORATORY 


An  urgent,  high-velocity  program  for  Project  Polaris  was 
awaiting  the  2-ln.  two-stage  gun,  so  installation  in  the 
Naval  Ordnance  Laboratory's  1,000-ft.  Hyperballistics  Rjr.ge 
No.  4  was  accomplished  in  a  minimum  of  time.  One  test  shot 
was  fired  and  then  a  series  of  19  program  snots  followed  as 
snown  In  table  5.  Two  of  the  19  program  shots  were  unsuccess¬ 
ful  due  to  Improper  model  design  and  the  two  highest  veloci by 
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successfully  up  to  15*200  fps.  A  large  percentage  of  the  19 
shadowgraph  stations  Installed  in  the  1,000-ft.  Hyperballistlc3 
Range  No.  4  operated  properly.  Aerodynamic  coefficients  were 
obtained  at  Mach  numbers  10,  12,  anu  Idl.  A  typical  shadow¬ 
graph  is  snown  in  figure  10.  The  sa: ot  and  model  used  for 
the  19  program  shots  are  illustrated  in  figure  11.  The 
tapered  skirt  on  the  sabot  serves  as  a  gas  seal  and  as  a 
diaphragm  with  a  release  pressure  of  5*000  psi.  Computations 
had  dictated  the  unexpectedly  high  pump  tube  loading  pressure 
of  1,500  psi.  For  a  heavy  missile  weight  of  250  grams,  lower 
Initial  pressure  causes  excessively  nigu  accelerations  and  a 
rapid  loss  of  driving  pressure  in  the  last,  naif  of  the  barrel. 
The  piston  was  loosened  with  hydraulic  pressure  and  then  driven 
back  out  of  the  pump  tube  by  high-pressure  gas.  Piston  removal 
can  be  accomplished  in  30  minutes. 


CONCLUSIONS 

The  computer  was  invaluable  a3  an  aid  in  selecting  initial 
loading  conditions  to  minimize  projectile  acceleration  for  a 
required  velocity.  Calculations  confiimed  the  fact  that  a  low 
release  pressure  for  a  heavy  projectile  reduced  peak  accelera¬ 
tion  with  little  loss  in  velocity.  As  can  be  seen  from  figure 
7,  at  high  initial  pump  tube  pressures,  the  piston  enters  the 
tapered  piston  buffer  too  late  in  the  interior  ballistic 
process  for  the  swedging  action  of  the  piston  to  increase  the 
missile  velocity. 

The  2-inch  gun  was  designed  early  in  1959.  Firing 
results  indicate  that  the  primary  chamber  is  stronger  than 
necessary.  Bore  erosion  is  low  due  to  the  use  of  hydrogen  at 
high  loading  pressures  as  the  driver  gas,  therefore  a  spare 
set  of  barrels  is  being  made  of  autofrettaged  monobloc  construc¬ 
tion. 


The  2-in.  two-stage  gun  operated  with  a  minimv...i  of 
mechanical  trouble  at  the  Naval  Ordnance  Laboratory.  With 
improved  operations,  a  firing  rate  of  one  completely  instru¬ 
mented  program  shot  per  day  in  the  1,000-ft.  iiyperhallistics 
Range  No.  5  has  been  attained. 
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COMPUTE?  PERFORMANCE  CALCULATIONS  FOP  240  CRAM  PROJECTILE 
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FIG.  I  TWO  INCH  TWO-STAGE  LIGHT  GAS  GUN 
IN  NAVAL  ORDNANCE  LABORATORY’S 
1,000  FOOT  HYPERBALLISTICS  RANGE  NO. 4 
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FIG.  3  CALCULATED  STRENGTH  VALUES 

TWO  INCH  TWO- STAGE  LIGHT  GAS  GUN 


FIG.  4  PRIMARY  CHAMBER  BREECH  ASSEMBLY 


PRIMARY  CHAMBER -PUMP  TUBE 
ASSEMBLY 
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FIG. 7  TWO -STAGE  GUN, TIME- DISTANCE  PLOT 


30.000 
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F'G.8  PRESSURE  BEHIND  MODEL  VS  BORE  TRAVEL  IN  CALIBERS 


DISTANCE  TRAVELED  BY  PROJECTILE 
(CALIBERS) 


FIG.  9  PROJECTILE  VELOCITY  VS 
BORE  TRAVEL  IN  CALIBERS 


FIG  10.  TYPICAL  SHADOWGRAPH  OF  MODEL  IN  FLIGHT 

IN  NAVAL  ORDNANCE  LABORATORY’S  1,000  FOOT 
HYPERBALLISTICS  RANGE  NO.  4 
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FIG.  1 1  SABOT  AND  MODEL 
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